There is an ongoing controversy on whether ¢sh farming a¡ects the quality of wild ¢sh in fjords. In northern Norway, local people prefer not to eat saithe, Pollachius virens L., from areas in the vicinity of ¢sh farms because they say the taste is inferior to saithe from other areas. To address this issue, saithe were collected in the vicinity of a salmon ¢sh farm in a fjord in northern Norway and in two reference areas: one site 6 km away from the nearest ¢sh farm in the same fjord, and the other in a fjord nearby with no ¢sh farms. The objective of this study was to clarify whether the physiology or taste of saithe near ¢sh farms di¡ers from saithe in areas with no or limited in£uence from ¢sh farms. The ¢sh collected near farms were larger than those from control sites of the same age and had been eating pellets. Analysis of fatty acid composition of the ¢llet indicated that ¢sh collected near the farms had fatty acid pro¢les that resembled that of pellets more than ¢sh from reference sites. The results suggest that there were individual di¡erences in the time spent near cages for saithe collected near the farm, and that saithe collected at the reference area in the same fjord had also been eating pellets, i.e. had visited at least one of the ¢sh farms in the fjord. In a sensory test, the test panel found that saithe from the fjord without ¢sh farms tasted better than saithe collected near the cages. The test panel found no clear di¡erences in taste between saithe collected near the ¢sh farm and saithe from the same fjord, but 6 km from the nearest ¢sh farm.
Introduction
Saithe, Pollachius virens, is one of the most common ¢sh in northern European inshore waters. It is economically the second most important gadiid in Norway, only surpassed by cod, Gadus morhua. Saithe is the most active of the gadiids and is most commonly found at depths of 80^300 m; however, it is also found closer to the surface. Saithe mainly feeds on zooplankton, fry and yearlings of di¡erent species of ¢sh (Nedreaas 1987) .
Salmon farming has been suggested to a¡ect fat content, chemical composition, growth and the taste of wild saithe in the vicinity of ¢sh farms (Carss 1990) . The increase in salmon farms in Norwegian fjords has been associated with the decreased quality and taste of wild ¢sh. Especially in northern Norway, local people claim that ¢llets of saithe from fjords with salmon farms disintegrate during cooking and the taste is inferior to saithe from other areas. Saithe are often observed in the vicinity of sea cages in salmon farms and are known to feed on excess food pellets (Carss 1990) . Commercial salmon feeds di¡er from the natural diet of saithe. The use of corn or soya in pellet production gives a high proportion of oleic acid (18:1n-9), linoleic acid (18:2n-6) and linolenic acid (18:3n-3) in commercial diets. Salmon and cod fed on diets based on plant oils have been shown to have elevated levels of18:2n-6 and18:1n-9 in their tissue (Lie, Lied & Lambertsen 1986; Bell, Ashton, Secombes, Wetzel, Dick & Sargent 1996; Torstensen, Lie & Fryland 2000; Bell, Henderson, Tocher, McGhee, Dick, Porter, Smullen & Sargent 2001) . The fatty acid composition in cod ¢llet and liver is known to change gradually in the direction of the fatty acid composition of the diets (Lie et al. 1986; Dos Santos, Burkow & Jobling 1993; Kirsch, Iverson, Bowen, Kerr & Ackman1998) . It should therefore be possible to use the fatty acid signature as a biochemical '¢ngerprint' for long-term foraging of wild saithe on commercial pellets from salmon culture.
The aim of this study was to clarify whether there are sensory (taste) di¡erences between saithe near ¢sh farms and saithe in areas with limited or no in-£uence from ¢sh farms. One location was chosen adjacent to the cages of one of the farms, the second about 6 km away from the nearest farm in the same fjord, and the third in an adjacent fjord without farms. Food selection from the di¡erent locations was assessed semi-quantitatively by macroscopic examination of gut contents and fatty acid composition of diets and saithe ¢llet. The taste of saithe ¢llets from the three locations was assessed by a calibrated test panel.
Materials and methods

Locations
Srfold is a fjord system in northern Norway (Fig.1 ). It cuts 40 km into the land, stretching southeast, and has a side fjord to the northeast. Water exchange is good in the fjord system and the fjord sustains a high production of phytoplankton due to a stable supply of nutrients. A ¢sh farm in this fjord was chosen for study (Kines). One reference site was chosen in the same fjord, 10 km away from the ¢sh farm at Kines, and 6 km away from other farms in the fjord (Kalvik). Because of the high mobility of saithe, a second reference site (Saltfjord) was chosen in a di¡erent fjord with no ¢sh farms.
Sampling and physiological parameters
Thirty saithe were collected at each of three locations: near the ¢sh farm (Kines), and at two reference sites (Kalvik and Saltfjord) using a trailing line on 14, 5 and 17 July 1999 respectively. The ¢sh were removed from the line and transferred directly to a tub with seawater, where they were kept alive until sampling. None of the ¢sh were in the tub for more than 2 h and there were no mortalities. The ¢sh were terminated by a blow to the head, weighed, the length measured, the liver weighed, sex determined and gonads weighed. The gut was then dissected open, and its contents were categorized into pellets, crustaceans, ¢sh and unknown. The ¢sh were thereafter split into two and each part was stored in a^20 1C Figure 1 Maps of the study area. The lower map is an overview map of Norway. The top map shows the two investigated fjord systems: one with ¢sh farming (Srfjord) and one without farming activity (Saltfjord). Sample localities are indicated with dots on the map including (a) a site near a ¢sh farm (Kines), (b) a site 10 km away from a ¢sh farm within the same fjord system (Kalvik, reference 1) and (c) a site in a nearby fjord system free of ¢sh farming (Saltfjord, reference 2). freezer. The anterior part was used for sensory analyses and the ¢llet from the back of the ¢sh was used for fatty acid analyses. Otoliths were taken, cleared in glycerol, cut in two and used for age determination.
The condition factor (CI) and liver somatic index (LSI) were calculated as described by Le Cren (1951) . For both indices, the weight of the gonads was subtracted, as the content of the gonads will be lost during spawning, and usually cannot be utilized by the individual (Le Cren 1951) .
Fatty acid composition
The fatty acid composition in ¢llet was determined according to Lie & Lambertsen (1991) . Brie£y, lipids were extracted from approximately 0.4 g of ¢llet from 10 randomly chosen ¢sh from each of the three locations by adding chloroform:methanol (2:1) and kept at 20 1C overnight. The samples were ¢ltered, saponi-¢ed and methylated using 12% BF 3 in methanol. The methyl esters were separated on a Carlo Erba gas chromatograph using 'cold on column' injection, heated at 69 1C for 20 s, increased by 25 1C min À 1 to 160 1C for 28 min, increased by 25 1C min À 1 to 190 1C, held at 190 1C for 17 min, ¢nally increased by 25 1C min À 1 to 220 1C and then held at 220 1C for 9 min. The chromatograph was equipped with a 50-m-CP-Sil88 fused silica capillary column (i.d. 0.32 nm; Chromopack, Middelburg, The Netherlands). The fatty acids were identi¢ed against the retention time of a standard mixture of methyl esters (Nu-Chek-Prep, Elysian, MN, USA).
Sensory analyses
The sensory tests took place in the evening on 26 July 1999 in the local community hall canteen. Local volunteers were picked randomly. Persons in the test panel were aged from17 to 82 years,55% were males. The tasting ability of the taste panel was calibrated by the use of standard solutions with basic tastes (sweet, salt, sour, bitter and water) based on the method described by Lea, Rodbotten & Naes (1995) . Two of the original test persons had to be removed from the panel because of too low a discerning ability for these tastes.
In the tasting test, sensory di¡erences were tested in two ways: by di¡erence and by ranking. The di¡erence sensory test was conducted to assess the ability of test persons to taste the di¡erence between ¢sh from the three di¡erent locations. This was designed as a triangle test as described by Lea et al. (1995) . Each participant was given three plates of ¢sh. Two of the plates contained ¢sh ¢llets from the same location. The participants had to determine which ¢sh ¢llet was dissimilar to the two others. In the ranking test, the panel participants were asked to rank the ¢sh from the three di¡erent locations. They were handed three arbitrarily numbered plates with ¢sh. Each plate contained ¢sh from one of the locations. They were asked to grade the taste of the ¢sh from 1 ('very bad taste') to 9 ('very good taste').
Statistical analyses
The size and condition comparisons were performed using one-way analysis of variance (ANOVA), followed by Tukey's test for pairwise comparisons (Sokal & Rohlf 1981; Day & Quinn 1989) . Levene's test was used to assess the homogeneity of variances prior to ANOVA (Glaser 1983) . When variables could not be transformed to yield homogeneous variances, the Kruskal^Wallis test was used, followed by Mann^Whitney's test for pairwise comparisons (Sokal & Rohlf 1981) .
Principal component analysis (PCA) was used for selected fatty acids to clarify the extent to which the fatty acid pro¢les in saithe ¢llet di¡ered between the three locations and how they compared with the pro-¢les from pellets and mackerel (see e.g. Brodtkorb, Rosenlund & Lie 1997 ). This analysis was carried out on arcsin-transformed data as the original data were on a percentage basis. Data were normalized and rotated before the analysis.
In the sensory tests, there were two outcomes of the tests: either picking the correct plate or one of the two other plates. In each test, the number of participants was 18. The probabilities of di¡erent outcomes from this test are binomially distributed, with n 518 and P 51/3 (picking the correct plate) (Lea et al. 1995) . The ranking test was analysed using the Kruskal^Wallis test when comparing all locations, and Mann^Whitney's test for pairwise comparisons. The relationships between the age of the participants and taste preferences were analysed using regression analysis (Sokal & Rohlf 1981) .
Results
Length, weight, CI and LSI
There were di¡erences in the length, weight, CI and LSI for 2-and 3-year-old saithe between the ¢sh farm (Kines) and the two reference sites (Kalvik and Saltfjord). No signi¢cant di¡erences were found between the two reference sites (Table 1) .
Diet
As a result of technical problems, only the gut contents of saithe caught at Kines (the ¢sh farm) and of saithe caught in the reference fjord (Saltfjord) were assessed. All ¢sh caught near the ¢sh farm had full guts, whereas the guts of 13% of the saithe caught in Saltfjord were empty. The diet of saithe from Kines and Saltfjord also di¡ered. The gut contents of saithe from Kines consisted mainly of pellets (46%) and no ¢sh, whereas some saithe from Saltfjord had eaten ¢sh (10%, mostly mackerel Scomber scomber). Pelagic crustaceans were major food items in both areas, mostly Calanus ¢nmarchicus, although some krill, Thysanoessa inermis, were also found ( Table 2) .
Fatty acid composition
The fatty acid composition di¡ered between saithe from a ¢sh-farm-free fjord (Saltfjord) and saithe from a fjord with farm sites (Kines and Kalvik). The concentration of 16:0 increased and 18:3n-3 and 18:2n-6 decreased with increasing distance from the ¢sh farm (Table 3) . Saithe from Saltfjord had signi¢cantly lower concentrations of 18:2n-6 and 18:3n-3 and sig-ni¢cantly higher levels of 16:0 than the other two locations. The total amount of unsaturated fatty acids and the ratio between n-3:n-6 also increased signi¢cantly with increasing distance from the ¢sh farm. Saithe from Kalvik had signi¢cantly lower concentrations of 22:1n-11 than saithe from the other two locations (Table 3 ). The commercial pellets contained higher levels of 18:2n-6, 18:1-9 and 18:3n-3 compared with ¢sh (mackerel), whereas mackerel was characterized by higher concentrations of 20:5 and 22:6.
A plot of the data (including all fatty acids) split up in three PCA axes showed that the fatty acid pro¢le of saithe from Kines was more variable than pro¢les for saithe from Kalvik and Saltfjord (Fig. 2a, b) . Saithe from Kalvik was most aggregated. The ¢rst axis, accounting for 67% of the total variability, separated mackerel/pellets from saithe from the three stations. Saithe from Kines distributed more towards the pellet grouping, and saithe from Saltfjord more towards the mackerel grouping. This di¡erentiation was clearer in the plot of PCA axes 2 and 3, which separated mackerel and pellets. In that plot (Fig. 2b) , saithe from Saltfjord was more concentrated towards the mackerel Values in columns with the same superscripts are not signi¢cantly di¡erent (P40.05). grouping, whereas saithe from Kines concentrated towards the pellet grouping. Saithe from Kalvik was found to be in between in both plots. It should be noted that axis 1 accounted for as much as 67% of the total variability.
Sensory tests
The results from two members of the sensory panel were excluded from the data analysis since they were not able to separate the basic tastes. The di¡erence test showed a signi¢cant di¡erence between ¢sh from the three localities. The results from the ranking test show that ¢sh from the ¢sh-farm-free fjord (Saltfjord) were rated signi¢cantly highest compared with saithe from Kines and Kalvik (Fig. 3 ). No signi¢cant di¡erences were observed between ¢sh from Kines and Kalvik. There was no signi¢cant correlation between age of the participants and the marks they gave to ¢sh from the di¡erent locations (P40.68).
Discussion
The di¡erences in size between year-classes of saithe from near the ¢sh farm (Kines) and saithe from other ares (Kalvik and Saltfjord) indicate di¡erences in growth rate. A similar observation was made by Carss (1990) for saithe in western Scotland, where the 0-group near the farms was signi¢cantly longer than the 0-group from a reference area. The availability of high-energy salmon pellets from the cages is an obvious explanation for the relatively larger size of saithe collected near ¢sh farms compared with saithe from other areas. The results also indicate that this saithe was more or less resident in this area, at least until 3 years of age. The CIs and LSIs for all three locations were higher than those found in saithe from the North Sea by Storozhuk (1978) , indicating that feeding conditions were good at all three locations in this study. Saithe collected at the reference site in a fjord with ¢sh farms (Kalvik) had Table 3 Relative fatty acid concentrations (%) in commercial pellets (n 5 3), natural pray (mackerel) (n 5 6) and saithe ¢llet (n 5 30) from saithe collected from a location near a ¢sh farm (Kines) and from saithe collected in a nearby ¢sh farm-free fjord system (Saltjord) (mean7SD) Santos et al. (1993) found that LSIs tended to increase with increasing growth rate in a feeding experiment with cod. The results found here thus indi-cate a lower growth rate in saithe from Kalvik compared with saithe from Kines and Saltfjord. It is more di⁄cult to explain the di¡erence in size of 2-and 3year-old saithe at Kines and Saltfjord, since both areas appear to have good conditions for growth. Most probably, the di¡erence is associated with modes of Salmon farming SkogT-E et al. Aquaculture Research, 2003 feeding, the Saltfjord saithe being more active. The minor di¡erences in age distribution at the three locations were probably due to di¡erent depths of the catches. The saithe tend to live deeper with increasing age (Bergstad, Jrgensen & Dragesund 1987) . At Kines, the saithe was collected mostly at 35 m depth, in Kalvik mostly at 25 and 40 m depth, and in the Saltfjord mostly at 15^20 m depth. Saithe longer than 30 cm are rarely found inshore near Nova Scotia, according to Clay, Stobo, Beck & Hurley (1989) . It could be that some 2-and 3-year-old saithe preferred to stay in the fjord rather than moving to the open coast because of the availability of food near the ¢sh farms. This would explain the larger fraction of older saithe caught near the ¢sh farms compared with the other two areas.
The results for gut contents indicate that the saithe forage on whatever is available, but with a focus on pelagic food items. Crustaceans were present in the gut contents of nearly half the saithe at Kines and Saltfjord. The copepod C. ¢nmarchicus is a known natural dietary item for saithe (Nedreaas 1987) . C. ¢nmarchicus is known to be abundant in the fjord systems during the summer when the study was performed (Skreslet, Olsen, Mohus & Tande 2000) . Other natural prey for saithe, such as juvenile ¢sh, was only found in the guts of saithe from Saltfjord. None of the saithe collected near the ¢sh farm had eaten juvenile ¢sh, but nearly all (93%) had pellets in their guts. The results are in accordance with the ¢ndings of Carss (1990) , who observed that saithe was the only wild ¢sh species that was found to eat pellets near ¢sh farms and that saithe caught away from farms did not have pellets in their guts.
The relative concentrations and composition of fatty acids in the ¢llets of saithe from Kines and Saltfjord were generally in accordance with the pro¢les of their main dietary items. Commercial feeds have more fatty acids such as 18:2n-6, 18:1n-9 and 18:3n-3 compared with natural food. These fatty acids were signi¢cantly elevated in the ¢llet of saithe caught near ¢sh farms compared with saithe from a ¢shfarm-free fjord (Saltfjord). Furthermore, the comparatively low ratio of n-3:n-6 found in commercial pellets compared with natural food was re£ected in the ¢llet of saithe from near the ¢sh farm compared with saithe from Saltfjord. The results are in accordance with ¢ndings from feeding studies on cod, in which a marked increase was observed in the typical vegetable fatty acids in muscle, especially 18:2n-6, and a decreased 18:n3 to 18:n6 ratio when fed on formulated diets rich in vegetable fatty acids under experimental conditions (Lie et al. 1986 ). In the present ¢eld study, the di¡erences in muscle vegetable fatty acids content, especially 18:2n-3, were relatively low, although there was a clear trend in decreasing content of muscle vegetable fatty acids with increasing distance from ¢sh farms. Saithe primarily stores its energy reserves in the liver as fat, and muscle fat mainly consists of phospholipids (Jensen 1979) . Although experimental diets based on vegetable oils are also known to a¡ect phospholipid fatty acid composition in ¢sh (Bell et al. 1996) , the most profound changes are expected to be in the storage fat, which for saithe is in the liver. In the present study, however, the main focus was on whether diet selection from di¡erent locations a¡ected composition and taste in the edible part of the saithe, the ¢llet (muscle). The relative increase in 16:0 in saithe collected in reference areas (both Kalvik and Saltfjord) indicates de novo synthesis of these acids (Henderson & Sargent 1985) . Such de novo synthesis might be attributed to the relative lower fat content and/or the presence of natural prey compared with the readily high-energy pellets available near ¢sh farms. The present results indicate that the fatty acid '¢ngerprint' of long-term foraging of saithe on commercial pellets decreases with increasing distance from ¢sh farms.
The PCA analyses show that although there are relationships between saithe collected near farms and pellets, there is a closer relationship between pellets and mackerel (along the ¢rst PCA axis). Unfortunately, no data are available on the fatty acid composition of the third main food item, copepods. The grouping of saithe from the three areas shows that saithe collected at both Saltfjord and Kines are heterogeneous. This suggests that there is individual variation in the time spent near the cages (Kines). It is not clear why saithe from Saltfjord have such variable fatty acid pro¢les. A possible explanation is the availability of a wider range of food items at that location. Saithe have been found to show two di¡erent behaviour patterns in relation to ¢sh farms: one group had a home range with the cages as the core area, and the other group had a core area in deeper water further o¡shore and visited the ¢sh farm site on a daily basis. Some of the ¢sh also visit adjacent ¢sh farms, but generally return to their core area by nightfall. It has been found that saithe spend from 1 to 7 months in the vicinity of ¢sh farm cages. The most obvious explanation for the variability of pro¢les from Saltfjord saithe is the diversity of food items available at that location (¢sh, copepods). In contrast, saithe from the third location, Kalvik, appeared to be very homogeneous in the PCA analysis, indicating limited dietary variation.
The results from the di¡erence test indicate that there were di¡erences in taste between saithe from the three locations. The mean size varied between ¢sh from the di¡erent locations. The variation in size between year-classes was, however, larger than between saithe of the same year-class from di¡erent locations, and the age of the saithe that served as the participants was random. The tasters could therefore not use the size of the ¢sh as an indicator of its origin. Hence, di¡erences in ¢sh size did not in£uence the results. The ranking test indicated that the panel thought that ¢sh from the fjord without farms, Saltfjord, had the best taste.
In conclusion, the results of the study indicate that wild saithe caught near a ¢sh farm forage on commercial ¢sh feed, as seen from the gut content and changed fatty acid signature of muscle. These ¢sh were also found to have inferior taste compared with ¢sh from an adjacent fjord with no ¢sh farms.
